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We report the room and low temperature crystal structures of the unsubstituted p-. " .. unsubstituted oligomers is interpreted in terms of a conformational change from an hi "averaged" planar structure to a stauc non-planar one. Comparisons of room temperature .. and low temperature crystal data are presented. 
INTRODUCTION
Oligomers of polyparaphenylene (PPP) have been of interest in our laboratory as part of continuing research on the structure and morphology of rigid-rod polymers. Aerospace applications requiring a broad range of operating temperatures and conditions require that any structural transition temperatures must be known. Much basic morphological information is still needed about factors such as the orientation of one coaxial ring to another and crystal packing forces in high performance polymers of this type.
Tedious synthetic procedures coupled with a high melting point and low solubility have made PPP a difficult polymer to prepare and fabricate[ 1,21. P-polyphenyls with a specific chain length and incorporating pendant groups have been recently prepared using a new synthesis procedure utilizing intermolecular cyclization[3j.
We have obtained high purity samples of PPP oligomers from which single crystals of sufficient size for structure analysis were sublimed or recrystallized. In a continuing investigation of the molecular structure, crystal packing, and structural transformations of PPP oligomers, we have studied p-quinquephenyl (PQP), p-sexiphenyl (PSP). 22,45. diphenyl-p-quinquephenyl (DPQP), 2 2 ,6 5 -diphenyl-p-septiphenyl (DPSP), and 1.2,4-triphenylbenzene iTPB). The first four compounds have the general structure (1) where n = I and R = H for PQP, n = I and R = J for DPQP, n = 2 and R = H for PSP, and n = 3 and R = J0 for DPSP. TPB was included in this present study since its room temperature structure has not been reported. RESULTS AND CONCLUSIONS Table I summarizes current results along with published results for biphenyl(BP), ptrphenyl(PTP), and p-quaterphenyl(PQuatP) and one can see several trends. As the number of phenyl units in the oligomer chain increases, one observes a direct increase of approximately 4.1 A in the c lattice dimension of the monoclinic unit cell per paraphenylene unit. This distance is slightly less than the length of a phenylene unit so one would expect the oligomer axis to be approximately aligned with the c crystallographic axis. The unit cell diagrams included in Figure I confirm that the oligomer axis is preferentially aligned with the c crystallographic axis.
The low temperature unit cell is a superlattice of the room temperature unit cell with parameters a and b doubled to account for the greater displacement of the non-planar oligomer. The low temperature crystal structures of PTP [8] and PQuatP[ 101 were solved using a triclinic unit cell. At room temperature the crystal structure indicates a planar oligomer probably resulting from the average of several non-planar conformations. At low temperature a specific non-planar geometry is preferred. Figure 2 summarizes the melting points of p-polyphenyls and their respective transition temperatures. A steady rise in temperature is observed as the oligomer increases in length so that the predicted transition temperatures for PQP and PSP should be above room temperature. However we report here that the structures of PQP and PSP remain planar at room temperature and Differential Scanning Calorimetry (DSC) measurements indicate that there is no transition other than melting at higher temperatures. Upon cooling of PQP and PSP single crystals to 110K, unit cells very similar to the room temperature unit cells were found initially. However, after 24 hours a crystal phase transition had occurred. Both DSC analysis and X-ray powder diffraction patterns taken as low as 143K and held for several days revealed no structural transition. We conclude that the transition temperature must exist between 143K and 110K, as indicated by the error bars in Figure 2 . and is time dependent. This transition could be non-first order as observed for biphenyl [5, 61 in which a soft mode exists below its transition temperature. More experiments are planned to study this phenomenon.
As is the case for most high temperature-resistant polymers, PPP degrades before it melts: however, for comparison purposes there is interest in knowing the theoretical melting point of the polymer. Literature reports PPP to be infusible[l 11, but by the extrapolation of experimental melting points of PPP oligomers (Figure 3) we estimate the melting point of The low temperature crystal structure of DPQP is isostructural with its room temperature crystal structure indicating no structural transition. In a paper to be published elsewheref 151 we report that the addition of pendant groups to the PPP oligomer results in a distortion of planarty of the unsubstituted oligomer. but the torsion angles change less than an average of 
